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BIOLOGICAL BULLETIN 


DIFFERENCES IN VIABILITY IN DIFFERENT TYPES 
OF REGENERATES FROM DISSOCIATED 
SPONGES, WITH A NOTE ON THE 
ENTRY OF SOMATIC CELLS 

BY SPERMATOZOA. ~ 


JULIAN S. HUXLEY, 


NEW COLLEGE, OXFORD. 


Having occasion recently to go over the notes on which a pre- 
vious paper of mine’ was based, I came across one result which, 
although not published at the time, now seems worthy of record. 


In the paper referred to, it was shown that by filtering chopped 


Sycons through coarse instead of fine gauze, and pipetting off 
the first-deposited portion of the cell-sediment, masses of cells 
could be produced consisting entirely or almost entirely of cho- 
anocytes.*2. The unpublished data concern the occurrence, in cul- 
tures of such collar-cell masses, of apparently normal regen- 
erating masses similar to those obtained by straining through fine 
gauze.* This would appear to indicate that the chemotactic or 
other attraction exerted by amcebocytes and dermal cells upon 
each other is stronger than the similar attraction exerted upon 
these same cells by choanocytes.* This would lead to the ob- 
served differential separation of the bulk of the dermal and 
amoeboid cells in preparations where they were present only in 
very small relative number. 

These normal regenerates, as they may be called, in opposition 
to collar-cell masses, were found in four of my twelve cultures 

1Hu.a y, Phil. Trans. Roy. Soc. (B), Vol. 202, 1911. 

2 Ibid., p. 177. 


3 [bid., pp. 167-170. 
4 Ibid., p. 167. 
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ot collar-cell masses. In every case, they lived longer than the 
collar-cell masses. 

The time that elapsed before all the collar-cell masses (whether 
spheres or blown-out masses) in any one of these four cultures 
had shown the first sign of impending death by contracting, was 
from 6 to 12 days; the time before all the masses of a culture 
were dead, from 8 to 15 days. The time which elapsed before 
the normal regenerates in the same culture died, however, was 
from 14 to 33 days; in most cases, all normal regenerates lived 
longer than any collar-cell mass in the same culture. Whether 
this greater viahjlity of the masses containing all kinds of cells in 
approximately normal proportions was due to a protective func- 
tion exerted by the dermal cells after their migration to the ex- 
terior, or to the fact of some dermal or amoeboid cells serving as 
food for the rest, or to other possible causes, remains to be seen. 
In any case, the facts are interesting. 

A further observation may be referred to. It appears that the 
spermatozoa of calcareous sponges have very rarely been ob- 
served. Dr. Gatenby, of University College, London, who has 
been working on the fertilization of sponges, was discussing the 
subject with me, when I recalled that bodies resembling sper- 
matozoa had been visible in some of my preparations of normal 
regenerating masses from dissociations. 

Some of my slides I lent to Dr. Gatenby, who re-stained them, 
and was thus able to discover certain interesting facts. The facts 
are briefly as follows: Round the margin of all cell-masses from 
some of my experiments are to be seen minute deeply-staining 
bodies resembling spermatozoa with an ordinary elongated head; 
and groups of such bodies are usually to be seen in the interior 
of the preparations. They are, however, totally absent from 
other slides representing other experiments. There can be no 
doubt that these are spermatozoa. The interesting point about 
them is that they swarm round tfte masses of cells whether these 
contain odcytes or not. /.e., such sponge spermatozoa are at- 
tracted by somatic cells as well as by their proper partners. 


On re-staining, Dr. Gatenby found in the interior of many of 


the somatic cells bodies which could be interpreted as heads of 
spermatozoa which had been half converted into vesicular nuclei. 
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Here, however, it is impossible to give full proof of this until 
further material can be examined. But it is at least suggestive 


that Dr. Gatenby himself' has found in the normal fertilization 
of a closely-related sponge that the spermatozoa do not pene- 
trate the odcytes directly, but enter collar-cells. Within these 
they undergo a partial transformation to vesicular nuclei (at this 
stage closely resembling the bodies found in the cells of the re- 
generating masses), and are then transferred, by the migration 
of the collar-cells, to the oOcytes, into whose substance they pass. 
Within the maturing ova they undergo the remainder of the trans- 
formation to male pronuclei, and then effect fertilization in the 
usual way. If the bodies within the cells of the regenerating 
masses do prove to be what they appear to be, namely, half- 
transformed sperm-heads, two interesting points emerge. The 
first is that somatic cells can exert an attraction on spermatozoa 
comparable to that exerted by oocytes. In normal fertilization, 
only collar-cells within a certain radius are entered by sperma- 
tozoa; thus it might be supposed that the attraction was exerted 
by the odcyte through the collar-cells, and that these had no at- 
traction of their own. That this is not so, would be proved if 
our interpretation of the bodies in the regenerating masses is 
correct. But we would have to suppose that this attraction of 
the collar-cells was much less than that of the odcytes, whose 
presence thus would prevent collar-cells beyond a certain dis- 
tance from odcytes from being entered. 

In the second place, the definite but slight attraction of the 
collar-cells for spermatozoa would be correlated with the definite 
but partial transformation of the sperm-head to a nucleus within 
them. This correlation between degree of attraction and degree 
of nuclear transformation is what would be expected on such a 
theory of fertilization as Lillie’s. 

It is to be hoped that any worker having the opportunity to ex- 
amine ripe sponge spermatozoa will undertake an investigation of 
the problem raised in this note. 

In conclusion I have to thank Dr, Gatenby for his interest and 
for permission to publish the results discovered by him. 


1“ The Cytoplasmic Inclusions of the Germ-Cells. Part VIII. Fertilization 
and Gametogenesis in Grantia compressa,’ Journ. Linnaean Soc., 1920. 


May 28, 1920. 





A MICRO-ELECTRODE AND UNICELLULAR 
STIMULATION. 


I. H. HYDE.1 


During the summers of 1918 and 1919, while conducting ex- 
periments on unicellular organisms and Echinoderm eggs, it was 
found necessary to construct a micro-pipette that could be more 
readily and more accurately controlled than could either Bar- 
ber’s' pipette or Chambers’s*? modification of the same. 

An apparatus was needed with which it was possible, not only 
to inject definite amounts of fluid, and extract special parts of 
cells, but also with which these could be electrically stimulated. 
Such an apparatus was devised, and although it was only in the 
process of being perfected, nevertheless with it, fluid could be 
injected and the membrane and other parts of Echinoderm eggs 
extracted, and these as well as unicellular organisms electrically 
stimulated. It was possible, for instance, to stimulate different 
parts of Vorticella, and to determine that the contractile sub- 
stance of the stalk of this special species differed from the con- 
tractile substance of the frog’s striated muscle fibers, in that, it 
did not follow the law of “All or Nothing,” which was discov- 
ered for these muscle cells by Pratt* with his very valuable and 


interesting micro-electrode. The results pertaining to my ex- 


periments with these devises will be published in the near future. 

At present only the micro-electrode, imperfect though it be, 
shall be described, in the hope that it will be improved by some 
one who has the opportunity and is interested in the experimental 
fields requiring its use. 

The micro-electrodes are Barber pipettes, so modified as to be 
employed for unipolar stimulation. They are glass tubes about 
twelve centimeters long, six millimeters in diameter, and drawn 


1 From the Woods Hole Marine Biological Laboratory and the University 
of Kansas. 

1 Barber, M. A., The Philippine Jr. Sc., Sec. Trop. Med., 9, 307 

2 Chambers, R., Am. Jr. Phys., 1910, p. 189; Brox. BuLL., 1918, 34, p. 121. 

3 Pratt, F., Am. Jr. Phys., 1917—1918—1919, Vol. 43, 44. 49 
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out to a bent tip, having a lumen of from three or more microns 
in the active electrode, and five or more times this in the indif- 
ferent one. The other end of the glass pipettes are more or less 
bent. If they contain mercury, they have a platinum wire sol- 
dered into them, and are fitted airtight with rubber tubing and 
clamps. The rubber tubing and clamp are supported on a pulley 
that allows this end to be raised or lowered, thus aiding in the 
adjustment of the mercury in the bent tip. 

The pipettes are supported and regulated on the microscopic 
stage of the Barber pipette holder, and their tips are operated 
inside of a Barber moist chamber. 

The pipettes may contain mercury or some electrolytic solu- 
tion. Or the indifferent one mercury and the active one a solu- 
tion, or partly mercury and only the tip a solution. Or both 
pipettes may contain fine wire. The active one connected with 
Pratt’s glass-coated platinum tip sharpened to a point of 8 mi- 
crons, and the indifferent one platinum. Or it may be platinum 
and the active one contain an electrolyte. When non-polarizable, 


Porter boot electfodes are introduced in the circuit, the pipettes 


and the dish containing the boots may be filled with sea water. 
Or by meags of pressure applied from the rubber capped end of 
the pipette, mercury can be forced toward the tip. Then by 
diminishing the pressure it can be brought back into the capillary 
a certain distance, drawing after it some of the solution desired 
from a hanging drop in the moist chamber. An equilibrium is 
then established that will remain constant as long as the condi- 
tions are not changed. Or the active pipette electrode may be 
filled with mercury either in accordance with Barber’s method, 
or filled under pressure as far as possible and then placed with 
the indifferent electrode in contact with a mercury hanging drop. 
If now the circuit from a battery is closed, the current enter- 
ing the anode traverses the hanging drop and the cathode. At 
the moment of the establishment of the current, the equilibrium 
of forces that holds the mercury at a certain point in the capillary 
is disturbed. The end of the fine thread of mercury moves up- 
ward or downward a certain distance owing to a change in sur- 
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face tension. The direction and distance of the movement de- 
pends of course upon the strength and direction of the current 
introduced into the active pipette. When the mercury is brought 
to the tip of this, the pressure clamp is closed, the mercury held 
near the top, which may end in a drop of the same solution that 
surrounds the organism that is to be stimulated. 

If the active electrode be cathodal, a stimulus of a minimal 
break shock will stimulate, for instance, the stalk or any desired 
part of a Vorticella, that is in the hanging drop, and near contact 
with the active electrode, and the effect of the stimulation is 
observed under the microscope. 

A diagram of one micro-electrode is shown in Fig. 1. The 


pipette holder and moist-chamber are omitted in the illustration. 


c 


Fic. 1. a, battery; b, commutator; c, induction coil; d, clamp; e, platinum 
d 


wire; f, tip of pipette; g, clamp; h, rubber tubing. 


The movements of the mercury due to changes in surface ten- 
sion by a force sufficient to overcome capillary attraction, in- 
augurated by the passage of an electrical current, made it pos- 
sible to employ this devise as a capillary electrode. 

The fact that the meniscus of mercury moves more or less in 
either direction in the tip of the micro-pipette by altering the 
strength and direction of the current, and thus ejecting a solution 
that lies between the mercury and the tip of the micro-pipette, or 
drawing in a solution due to suction, led to the idea that it could 
be adapted for the injection or extraction of minute quantities 
of substances from unicellular structures. But the mechanism 
needs further improvements before it can be satisfactorily em- 
ployed for very accurate work. 


I therefore was agreeably surprised while this paper was going 





A MICRO-ELECTRODE. 133 


to press, to find that Taylor devised an accurately controllable 


micro-pipette, that seemed to fulfill the requirements of the 
apparatus needed for injection and extraction. I believe that by 
soldering plantinum wire into the capillary containing the mer- 
cury and connecting it to batteries, comutator and coil, that it 
will answer equally well for electrical stimulation. 


1 Taylor, C. V., Science, 1920, June 18. 
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EFFECT OF VARIATIONS IN OXYGEN TENSION ON 
THE TOXICITY OF SODIUM CHLORIDE ISOTONIC 
TO SEA WATER. 


ISAAC STARR, JR., 


MaRINE BIoLoGciIcaL LABORATORY. 


Loeb first observed that he could protect fertilized Arbacia eggs 
for some time from the toxic action of a NaCl solution, isotonic 
to sea water, by removing the oxygen from the solution or by 
adding a little KCN.*| Cyanide also protects unfertilized Arbacia 
eggs against injury by isotonic solutions of various sodium salts, 
and anesthetics in appropriate concentrations have a similar 
effect.2, Experiments with Arenicola larve have given similar 
process being in some manner connected with the destructive 
results.* These results indicate the probability of an oxidative 
process being in some manner connected with the destructive 
reaction. 

The following experiments were undertaken to determine the 
effect of varying the oxygen tension on the toxicity of NaCl 
isotonic to sea water. The form chosen to work with was the 
larva of the marine worm, Arenicola cristata, a free swimming 
trochophore of three body segments, about 4% mm. in length. 
When normal it is almost constantly in motion, showing ciliary 
action and bendings to one side, or strong muscular contractions. 
The larve employed were all in the swarming stage and were 
collected from the lighted side of the culture dish, just below the 
surface of the water, where they gather in large numbers. As 
they remain in this stage only from three to four days before 
developing another segment and sinking to the bottom, a fairly 
homogeneous culture is obtained. When these animals are placed 


in pure sodium chloride isotonic to sea water they promptly con- 


1Loeb, J., Science, 1910,‘ XXXII, 411; Biochemica Zeitschrift, 
XXIX,, p. 


1910, 


8 
2 Lillie R. 


3 Lillie, R. S., Amer. Journ. Physiol., 1912, XXIX., p. 372, and 1913, XXXI., 
Pp. 255. 


S., Amer. Journ. Physiol., 1912, XXX., p. 1. 


0. 
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tract to about % of their former length and all motion ceases. 
This contraction is followed by a slow relaxation and eventually 
they are killed. But if replaced in sea water before death, they 
slowly recover either completely or to a certain extent. The ratio 
of those in motion to those still gives an index of the extent of 
the injury.* 

TECHNIQUE. 

The larve being positively heliotropic, gather in great numbers 
in the lighted side of the culture dish. A pipette-full (over 500 
larve) was taken and placed in a watch glass, then, as the larve 
collected again on the light side, the water could be tilted off, the 
last traces, being removed by blotting paper. They were next 
washe das with the solution to be experimented with and then 

red by a pipette to 50 c.c. of that solution. Then at 

§ intervals about 100 larve were removed from the test 

solution, washed twice with sea water and replaced in sea water. 

These were inspected one hour and in most cases also twelve hours 

after their return to sea water. Fifty individuals were examined 
and the ratio of those in motion to those still was determined. 


EXPERIMENTAL. 


I. The larve were first exposed to 0.52 molecular NaCl in 
almost complete absence of oxygen. The solution was boiled 
while a stream of hydrogen was passed through, care being taken 


TABLE I. 


EXPERIMENT I. 
Over 50 larve examined in each case. 


Examined 1 Hour after Return to Sea Water. 


Time of Exposure. 
Solution. . 


| 3 Hours. | 6 Hours, 


Isotonic NaCl at atmospheric oxygen ten- 


No motion No motion 


Isotonic NaCl at reduced oxygen tension. .|All larve show bend-| No motion 
| ings | 


4 For a further description of the behaviour of Arenicola larve in isotonic 
NaCl see Lillie, R. S., Am. Jour. Physiol., 1909, XXIV., p. 14, and Am. Jour. 
Physiol., 1911, XXVIIL., p. 210. 
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to maintain the proper concentration and reduce the temperature 
to room temperature before introducing the larve. This pro- 


cedure removes the oxygen almost entirely, for if alkaline pyro- 


gallol is added to the solution after this treatment no color ap- 


pears for an hour or more. The control solution, 0.52 NaCl at 
atmospheric oxygen tension, was also boiled, air instead of 
hydrogen being bubbled through. 


TABLE II. 


EXPERIMENT I. 
Over 50 larve examined in each case. 


A. Examined 1 Hour after Return to Sea Water 


Time of Exposure 
Solution. ; NS ae 
2 Hours. 3 Hours. 


Isotonic NaC] at at- 
mospheric oxygen 
tension......... 4 show feeble bend- No motion No motion 

ings, 4 show no 
motion 


Isotonic NaCl at re- 
duced oxygen ten- 
i show bendings | 4 show bendings No motion 
more violent 
than control 


B. Same Larvae Examined 24 Hours after Return to Sea Water. 


Isotonic NaCl at at- 

mospheric oxygen 

tension larva showed All disintegrated All disintegrated 
bendings. The 
rest had disinte- 
grated. 


Isotonic NaCl at re- 
duced oxygen ten- 


All larve actively All disintegrated All disintegrated 
motile 


The antitoxic effect of the absence of oxygen is marked. This 
was to be expected from Loeb’s experiments on Arbacia eggs. 

II. To expose the larve to 0.52 mm. NaCl with increased 
oxygen tension, the simple apparatus pictured was employed. 
The oxygen tension desired was obtained by running washed 
oxygen from a tank into the chamber “ A,” driving the level of 
water inside the chamber down to a mark previously determined 
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by calculating the volume required with the necessary corrections. 
The air already present in the chamber is thus diluted with pure 
oxygen to the required degree. The water levels in and out of 
the chamber were kept equal by removing water from the large 


jar “F.” The apparatus is only approximately accurate. 


-Rubber Bulb 


Diagram of apparatus. 


The larve were introduced and removed by the tube “7” of 
I mm. bore, which was connected to a Y tube and the rubber bulb 
“H.” By manipulating the rubber bulb and the two pinch cocks 
on the connections of the Y tube, it was possible to pump the 
larve in or out of the small beaker “FE.” This beaker contained 
the isotonic NaCl. A similar beaker “D” contained a control 
culture in sea water at the same oxygen tension as “FE.” A third 
beaker not shown in the diagram contained another control cul- 
ture in isotonic NaCl at atmospheric oxygen tension. 

In the first series of experiments the oxygen tension of the 
NaCl solution containing the larve was raised gradually. The 
larve were placed in the isotonic NaCl solution in the beaker 
“E” before the oxygen tension was raised in the chamber. The 
tension in the chamber was then raised to 320 mm. and the salt 
solution and control were slowly stirred for two minutes. The 
oxygen tension of the solution and control must rise slowly 
towards 320 mm., but how long it is before it reaches that figure 
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is difficult to predict. As it was impossible to stir too vigorously 
for fear of injuring the larve and as diffusion is slow across the 
surface of an unagitated liquid, it seems probable that the oxygen 
tension of the NaCl solution and the sea water in the control 
never reached 320 mm. during the experiment. 


TABLE ITI. 


EXPERIMENT 2. 
Over 50 larve examined in each case. 


A. Examined 1 Hour after Return to Sea Water. 


Time of Exposure. 
Solution. 5 ry 
2 Hours. 3 Hours. 


Isotonic NaCl at at- 
mospheric oxygen 
tension .| All larve show No motion No motion 
bendings 
Isotonic NaCl at 
slightly increased 
oxygen tension...| All larve show)|1/2 larve show 1/4 larve show 


bendings bendings bendings 


Sea water at slightly | 
increased oxygen | 
tension Larve normal Normal Normal 


B. Examined 21 Hours after Return to Sea Water. 


Isotonic NaCl at at- | 
mospheric oxygen 
tension No motion No motion No motion 


Isotonic NaCl at 
slightly increased 
oxygen tension. ..| Larve completely | 1/10 larve show | Occasional larva 

recovered bendings shows bendings 


Sea water at slightly | 
increased oxygen 
tension Normal Normal Normal 
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TABLE IV. 


EXPERIMENT 2. 
Over 50 larve examined in each case. 


A. Examined 1 Hour after Return to Sea Water. 


Time of Exposure, 





Solution, 
2 Hours. 


Isotonic NaCl at at- 
mospheric oxygen | 
tension 1/2 larve No motion No motion 

bendings 


Isotonic NaCl at 
slightly increased 
oxygen tension...| All larve 1/20 larve show | 1/10 larve show 
bendings bendings bendings 


Sea water at slightly 
increased oxygen 
tension Larve normal Normal Normal 





B. Same Larve Examined 12 Hours after Return to Sea Water. 


Isotonic NaCl at at- 
mospheric oxygen 
tension 1/50 larve show No motion No motion 
bendings 


Isotonic NaCl at 
slightly increased 
oxygen tension...| 1/4 larve show) 1/12 larve show 1/8 larve show 

bendings bendings bendings 

Sea water at slightly 

increased oxygen 

tension Normal Normal Normal 


The toxicity is certainly markedly diminished by the slight 
increase in oxygen tension. The effect is as marked as when 
the tension was decreased. = 

III. In this experiment the oxygen tension of the chamber was 
raised to 230 mm. four hours before the experiment was started. 
The isotonic NaCl in the beaker “ E” was stirred vigorously at 
intervals of fifteen minutes allowing the solution to come to equi- 
librium at an oxygen tension of 230 mm. before the larve were 
introduced. The larve were washed twice with this NaCl, at 
230 mm. oxygen tension, by pumping a few c.c. out through the 
tube “ 7” and they were then introduced into the beaker “ E” as 
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before. The larve were therefore suddenly subjected to the 
change of oxygen tension plus the NaCl. 


" >V 
TaBLe V. 
EXPERIMENT 3. 
Over 50 larve examined in each case. 


A. Observed 1 Hour after Return to Sea Water. 


Time of Exposure. 
Solution. 
1 Hour. 2 Hours. 3 Hours. 4 Hours. 


Isotonic NaC] at 
atmospheric 
oxygen tension 
158 mm..... 1/10 larve show | 1/5 larve show | 1/5 larve show | No motion 
bendings bendings bendings 
Isotonic NaCl at 
approx. 230 
mm. oxygen 
tension All larve show | 9/10 larve show | 1/2 larve show | 1/50 larve 
bendings bendings bendings show 
bendings 
Sea water at ap- 
prox. 230 mm. 
oxygen tension. Larve normal Normal Normal Normal 


B. Observed 18 Hours after Return to Sea Water. 


Isotonic NaCl at 
158 mm. oxy- 
gen tension....| 1/7 larve show |1/100 larve show 1/50larve show 1/100 lar- 
bendings bendings bendings ve show 
bendings 
Isotonic NaCl at 
approx. 230 
mm. oxygen 
tension. 9/10 larve show | 1/2 larve show | 3/solarve show 2/50 larve 
bendings bendings bendings show 
_ bendings 


Sea water at ap- 
prox. 230 mm. 
oxygen tension. Normal Normal Normal Normal 


This experiment shows the same diminution of toxicity due to 
slightly increased oxygen tension. 

IV. In this experiment the oxygen tension was raised to 275 
mm. before the larvze were introduced, as in the preceding ex- 
periment. 
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TABLE VI. 


EXPERIMENT 4. 
Over 50 larve examined in each case. 


A. Observed 1 Hour after Return to Sea Water. 


Time of Exposure. 


Solution. 
: Hour. 2 Hours. 3 Hours. 


Isotonic NaCl at at- 
mospheric oxygen 
tension 160 mm..| 1/4 larve 1/50 larve show No motion 
bendings bendings 


Isotonic NaCl at 
approx. 275 mm. 
oxygen tension...| 1/4 larve show | 1/100 larve show No motion 
bendings bendings 


Sea water at approx. 
75 mm. oxygen 
tension Normal Normal Normal 


B. When observed 24 hours after return to sea water there was no motion 


in any case except the control in sea water at 275 mm. which was normal. 


The parallelism with the control is striking. The toxic and 
antitoxic effects of the increase of oxygen tension must balance at 
this tension. 

V. In the last experiment the larve were exposed to an oxygen 
tension of 756 mm. (saturated). A stream of oxygen was 
bubbled through a flask containing the isotonic NaCl for fifteen 
minutes. The larve were washed twice with this solution, then 
were placed in it and oxygen bubbled through for five minutes 
more and the flask closed. When some of the larve were re- 
moved at hourly intervals for return to sea water, oxygen was 
bubbled through the remaining solution for one minute immedi- 
ately after. 

TaBLeE VII 
EXPERIMENT 5. 


Over 50 larve examined in each case. 


A. Observed 1 Hour after Return to Sea Water. 


Time of Exposure. 


Solution, 
2 Hours, 3 Hours. 


Isotonic NaCl at at- 
mospheric oxygen 
tension 160 mm.. 3/4 larve show No motion 1/20 larve show 
bendings bendings 
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Isotonic NaCl at 
approx. 756 mm. 
oxygen tension... No motion No motion No motion 


Sea water at approx. 
756 mm. oxygen 
tension Normal Normal Heliotropism lost, 
otherwise nor- 
mal. 


B. Observed 18 Hours after. Return to Sea Water. 





Isotonic NaCl at at- 
mospheric oxygen 
tension ...| 1/2 larve show 1/50 larve show 2/50 larve show 
bendings | bendings bendings 
Isotonic NaCl at 
approx. 756 mm. 
oxygen tension...| 1/50 larve show No motion No motion 
bendings 


Sea water at approx. 

Normal Normal Some _heliotropic, 
some not helio- 
tropic, all other- 
wise normal. 





The increase in toxicity caused by the excessive oxygen tension 
is very marked. 

The writer wishes to express his thanks to Professor R. S. 
Lillie under whose direction the problem was undertaken. 


CONCLUSIONS. 


1. The removal of most of the oxygen from the solution 
markedly diminishes the toxicity of sodium chloride isotonic to 
sea water to Arenicola larve. 

2. Slight increases in oxygen tension also markedly diminish 
the toxicity of isotonic sodium chloride. 

3. Saturation with oxygen markedly increases the toxicity of 
this solution. 

4. At a tension of approximately 275 mm. the toxic and anti- 
toxic effects balance. 
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TRANSPLANTATION AND INDIVIDUALITY: 
LEO LOEB.2 


INTRODUCTION. 


In this paper I shall report very briefly on a series of experi- 
ments which have been carried out in our laboratory by ourselves 
and our associates and in which the method of transplantation 
was made use of in the analysis of individuality. 

Reactions of tissues serve as indicators with which to judge 
the interactions of individualities when parts of organisms are 


transferred into a new soil. Conversely, by means of the re- 


actions of tissues, which we observe under those conditions, we 
attempt to obtain an insight into the forces which are active be- 


tween tissues and into their finer biochemical correlations. Upon 


these forces depends the preservation of the structure of the 
organism and thus its maintenance. Thus we hope to contribute 
to the building up of a physiology of tissue in contradistinction 
to the physiology of organs. In addition we have studied the lit- 
erature of transplantation, in order to obtain data which permit 
the comparison of the interaction of individualities in lower and 
higher animals and thus to determine whether there are indica- 
tions that a gradual change has taken place in the course of evo- 
lution. We shall include in our consideration fertilization which 
can be considered as an intracellular transplantation. 
Transplantation is the separation of a piece of tissue from its 
normal surroundings and its transfer into a new environment, 
either at a new place in the same host; this we call “ autotrans- 
plantation”; or into a related individual: “syngenesiotransplan- 
tation”; or into a not related individual: “ homoiotransplanta- 
1A lecture delivered at the Marine Biological Laboratory, Woods Hole, 


on August 3, 1920. A few minor additions to the manuscript have been made 
subsequently. 


2 From the Department of Comparative Pathology, Washington University 
School of Medicine, St. Louis. 
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tion.” Within the same species differences of groups and strains, 
varieties may arise. 

Transplantation into a different species we call “ heterotrans- 
plantation.” Here, nearly related species, which interbreed, 
further distantly related species, which do not interbreed, species 
which belong to different genera, families, classes can be distin- 
guished. To this spectrum of relationships corresponds, with 
certain limitations, a spectrum of interactions of tissues after 
transplantation. 

We judge individuality in man primarily by characteristic 
social-psychical reactions. It is, therefore, I presume, originally 
a term connoting psychical attributes. Each individual is sup- 
posed to form an indivisible whole. It is one organism separate 
and distinct from all others. No two organisms can be identical. 
This finds the sharpest expression in the conception of a soul 
which is supposed to be the real bearer of the individuality, which 
is unlike any other soul and indivisible. 

To the psychical individuality corresponds individuality of the 
body. The body also is supposed to represent one indivisible 
whole, different from every other body; in short one common 
factor uniting all the parts, and distinguishing them from all the 
parts of other individuals. 

This conception, however, does not quite harmonize with the 
mosaic such as has been revealed by Mendelian analysis of in- 
heritable characteristics of organisms. Mendelian analysis has 


shown an organism to consist of a very great number of unit 


factors, the various unit factors being approximately the same 


in many organisms of the same species, and the individuals dif- 
fering from each other in the mosaic of unit factors of which 
each one is composed. A common factor or set of factors present 
in all parts of the organism and truly representing its individ- 
uality is not provided for in this scheme. 


INDIVIDUALITY DIFFERENTIAL. 

And yet, such a characteristic present in all parts does exist. 
It is the same everywhere in the same organism and differs in 
different organisms. We may call this characteristic individual- 
ity differential Jas far as it distinguishes individuals, and species 
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differential as far as in addition it differentiates species, the one 
differential being superimposed upon the other. That such a 
common factor truly representing the individuality does exist can 





be shown through a comparative study of transplantation of one 
part of an organism into the same and other individuals, related 
and not related, of the same species, and into individuals of* 
various different species. Such transplantations reveal the pres- 
ence of an individuality differential, either directly through the 
interaction of tissues and of tissues and body fluids, or in certain 
cases indirectly through the immunity which follows such trans- 
plantation of tissues or parts of organisms. 

A systematic use of transplantation for the analysis of indi- 
viduality is of rather recent origin. Carried on, however, in a 
more or less haphazard way the study of transplantation dates 
back a considerable number of years. My own interest in trans- 
plantation as a means of analyzing the biochemical difference in 
the constitution of individuals was first aroused about nineteen 
years ago, and again a few years later, when I compared the re- 
sult of transplantation of tumors in the same individual and in 
another individual of the same species. The transplanted pieces 
behaved quite differently in both of these cases. 

















AUTO AND HOMOIOTRANSPLANTATION. 


It is, however, only recently that the difference in the result of 
auto and homoiotransplantation has been more generally recog- 
nized. On the other hand, that heterotransplantation does usu- 
ally not succeed has been established considerably earlier. 


THE MECHANISM WHICH DETERMINES THE INTERACTION OF 
TISSUES. 


For a number of years my associates and myself have carried 
out experiments tending to analyze the factors which connect 
individuality and transplantation, and here I wish to describe 
very briefly a few of our experiments and to draw some more 
general conclusions, the latter merely in a tentative manner. Our 
experimental analysis is not yet concluded and at the present 
time there are under way certain investigations which we hope 


will help to clear up some of the doubtful points. For our pur- 
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pose it might be best to select a few examples of our experiments 
in order to illustrate some of the more important factors that 
come into play under various conditions of transplantation. We 
shall first discuss transplantation of pigmented skin, in the guinea 
pig, then as examples of glandular organs, the thyroid gland and 
kidney, and lastly the uterus as an organ containing a variety of 


tissues, epithelium, myxoid or predeciduomatous connective tissue 
and unstriated muscle. 


TRANSPLANTATION OF PIGMENTED SKIN IN THE GUINEA PIG, 

If we transplant black skin of the guinea pig into a defect in 
white skin of the same individual, the black skin usually heals in 
and even begins after a few weeks to penetrate into the neigh- 
boring white skin. If instead we transplant it into a defect in 
the white skin of another guinea pig, the skin may temporarily 
heal in, but sooner or later it is cast off, in the majority of cases 
at an early date following the grafting. In a few cases, however, 
the transplant took. I suspect these were cases in which host and 
donor were related to each other, so that in reality we had to 
deal with syngensio- rather than homoiotransplantation. Now 
in these exceptional cases the black skin did not only not pene- 
trate into the neighboring white skin, but on the contrary, it 
gradually became paler and its pigmentation disappeared in the 
end entirely. The black skin became transformed into white skin. 
Microscopically we found in such cases in addition a gradual ac- 
cumulation of lymphocytes under and in the strange epidermis. 
The number of these cells need, however, not be very marked. 
Lymphocytes are small cells with a relatively prominent round 
nucleus which originate in lymph glands, gain entrance into the 
circulation and are capable of active movement, which, how- 
ever, is probably not as active as in the ordinary polynuclear leu- 
cocytes. These lymphocytes, as we stated, are attracted by the 
foreign skin, but not by the skin of the same organism. We 
notice after this kind of homoiotransplantation, a primary in- 
compatibility between the strange skin and its environment. As 
a result of this incompatibility between body fluid of the host 
and the transplant, changes take place in the metabolism of the 
latter which cause the deficient healing in of the transplant and 
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which later attract the lymphocytes. In addition there occur ab- 
normal reactions in the transplant which render impossible the 
normal restitution of pigment in the graft. Some of these 
changes in the transplant may take place so soon after trans- 
plantation that the conclusion suggests itself that in this case an 
incompatibility between the graft and the body fluids of the host 
interferes directly with those tissue reactions on which depends 
the healing in of the graft and the reéstablishment of the normal 
pigmentation. How far these primary changes in metabolism of 
the graft injure the transplant directly and to what extent they 
act possibly through induced changes in vascularization of the 
graft still remains to be determined. It is, however, more prob- 
able that the incompatibility between body fluids and graft leads 
to a direct interference with the transplant. 


TRANSPLANTATION OF THYROID AND KIDNEY 


If we transplant thyroid gland into the subcutaneous tissue 
only the peripheral gland tissue survives, the center of the graft 
being ill nourished in the first few days following the detachment 
of the gland from its soil dies. The peripheral gland acini pro- 
liferate soon after transplantation. After autotransplantation 
blood and lymph vessels grow through this ring of well-preserved 
and temporarily growing thyroid tissue into the necrotic center, 
and especially in the peripheral part of the latter they form a ring 
of vessels which is very noticeable; from here vessels penetrate 
into the center of the necrotic material. They are accompanied 
by a relatively limited number of fibroblasts which at the inner 
aspect of the thyroid ring form a loose, almost myxoid connective 
tissue around the blood and Imyph vessels, a tissue not unlike that 
found in certain stages of development in the embryo. Further 
removed from the thyroid ring, in the real center of the necrotic 
material, there may be produced a nucleus of dense fibrous tissue. 
But its existence is only temporary after autotransplantation. 
Sooner or later the blood and Imyph vessels and fibroblasts pene- 
trate into it, absorb it and substitute for it the same kind of loose 
vascular connective tissue; this again gives way more and more 
to the peripheral real thyroid tissue. As a result of the absorp- 
tion of the central connective tissue and of the marked develop- 
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ment of the peripheral thyroid tissue and of the good vascular 
supply the normal organ structure is more and more reéstab- 
lished. This occurs within three to five weeks after transplanta- 
tion. Lymphocytes are at no time prominent in the transplant. 

After homoiotransplantation of the thyroid gland the first 
stages are similar to those observed after autotransplantation ; 
but soon two important differences become noticeable. The well 
developed ring of lymph and blood vessels in the peripheral part 
of this center is much less prominent after homoiotransplanta- 
tion; the connective tissue ingrowth, on the other hand, is much 
more marked. The whole center becomes soon converted into a 
dense fibrous mass, much larger in volume than in the autotrans- 
plant. It may still be well supplied with vessels, but they are less 
prominent than after autotransplantation. In contradistinction 
to what happens in the autotransplant this fibrous mass is not 
absorbed and not substituted first by myxoid and later by thyroid 
tissue. This transplant never attains similarity in structure with 
the normal gland. Even around the individual acini the fibro- 
blasts may become active and form fibrillar and fibrous tissue. 
The activity of the connective tissue may go still further, and oc- 
casionally fibroblasts may penetrate into the interior of some 
thyroid acini and help to destroy them. 

The direct destruction of the graft by the host is a very character- 
istic feature after homoiotransplantation. It is however, not so 
much the activity of the fibroblasts as of the Imyphocytes which 
brings about this result. While in the autotransplant the lympho- 
cytes are practically absent, in the homoiotransplant they begin 
to appear as early as five and seven days after transplantation. 
However, they become more prominent only about nine or ten 


days after transplantation, and from then on they rapidly in- 


crease in number in many cases. They approach the transplant 
mainly by way of the lymph vessels, and in consequence in the 
homoiotransplant the lymph vessels may become as prominent as 
if they had been injected. This I found especially noticeable in 
the rat, on account of the peculiar distribution of the lymph ves- 
sels at the inner aspect of the thyroid ring. The lymphocytes 
appear at this place in especially large masses and from here 
they penetrate in a peripheral direction into the thyroid acini 
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proper and destroy them. Other lymphocytes approach the 
thyroid from the periphery and from here push forward in a 
central direction. All these lymphocytes surround, invade and 
destroy the thyroid tissue directly after homoiotransplantation 
and they are, therefore, the chief agent of destruction. They 
interfere with the nourishment of the acini by surrounding them 
and cutting them off from the vessels; they exert furthermore a 
direct pressure upon them and invade and substitute them. In 
addition the fibrous tissue which is so prominent after homoio- 
transplantation also tends to shut off the nourishing material 
irom the vessels. Furthermore it compresses the glandular struc- 
tures and fibroblasts occasionally invade them, as we have stated 
above. These lymphocytes and fibroblasts form, therefore, an 
agency of attack which usually succeeds in destroying the homoio- 
transplant of the thyroid somewhere between the fifteenth and 
twenty-eighth day following transplantation. 

We may again assume that in the strange host the body fluids 
are not completely adapted to the transplanted gland structures. 
In consequence their metabolism is to a certain extent altered. 


This alteration, however, is not of sufficient intensity to cause a 
direct destruction of the transplanted glandular structures. This 
alteration in metabolism attracts the lymphocytes, diminishes the 


vascularization of the transplant and increases the invasion of 
the graft by fibroblasts, which, however, under these altered con- 
ditions do not remain intact, succulent cells, but instead form 
fibrillar and dense fibrous tissue. 

In principle it is similar after transplantation of the kidney ; 
but the greater denseness of this material brings about certain 
minor modifications in the result. Thus in the kidney after auto- 
transplantation we do not find the inner ring of lymph and blood 
vessels so noticeable as in thyroid autotransplant. But in all 
essential respects the conditions are parallel to those after trans- 
plantation of thyroid. The formation of fibrous tissue is much 
more prominent after homoiotransplantation of the kidney than 
after autotransplantation. The lymphocytes play here a similar 
part. In the end the homoiotransplant is again destroyed in the 
same way as in the case of the homoiotransplanted thyroid. But 
this destruction of the kidney may be completed at a somewhat 
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later date. After autotransplantation kidney tissue usually re- 
mains preserved. 

We have begun comparative studies of auto and homoiotrans- 
plantation in other species. There are indications that in prin- 
ciple conditions are similar in those species which we have begun 
to study, but there may exist some quantitative and perhaps also 
some qualitative differences in different species, just as we found 
certain differences in the behavior of the thyroid and kidney. 
Thus to mention only one difference, we found that in the rabbit 
the polynuclear leucocytes are much more prominent after trans- 
plantation than in either rat or guinea pig. 


SYNGENESIOTRANSPLANTATION, 





If instead of transplanting the thyroid gland in the guinea pig 
into not related individuals of the same species, we transplant it 
into nearly related individuals of the same family, for instance 
from brother to brother or sister, or from parents to children, we 
find an intermediate condition between the results of auto and 
homoiotransplantation, or rather we find all degrees of an inter- 
mediate condition. Thus while after autotransplantation lympho- 
cytes are almost absent and after homoiotransplantation they 
usually begin to become prominent during the latter part of the 
second week, they may after syngenesiotransplantation, appear 
as late as the second half of the fourth week; sometimes they 
may appear somewhat earlier or at other times later. But they 
usually end by destroying the transplant even in relatives. We 
find therefore a noticeable delay in the reaction on the part of the 
host. Evidently at first the metabolism of the syngenesiotrans- 
plant is little altered by ‘the body fluids of the host. Gradually, 
however, the alteration becomes here also sufficiently strong to 
attract the lymphocytes. As we have stated above the vascular 
and connective tissue reaction on the part of the host tissue usu- 
ally takes place between the seventh and twelfth days after trans- 
plantation, at a time, therefore, when the alteration of the metab- 
olism has usually not yet become very marked. The blood and 
lymph vessel supply may therefore in the case of svngenesio- 
transplantation be as satisfactory as after autotransplantation, al- 
though later the lymphocytes begin their destructive work. There 
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is a prolonged latent period in the case of syngenesiotransplanta- 
tion and the vascular and connective tissue reaction falls into this 
latent period. 

As we have stated above we find in syngenesiotransplantation 
all degrees of intermediate condition in different individuals of 
the same family, for instance in different brothers. In some indi- 
viduals host and graft may be almost as unsuitable to each other 
as after homoiotransplantation. In such a case the metabolic 
alteration of the transplant may have reached a considerable 
strength at the period, when the vascular and connective tissue 
reaction is determined. In this case the dense fibrous tissue of 
homoiotransplantation may be produced in syngenesiotransplan- 
tation. 

Most beneficial seems to be the exchange of tissues between 
brothers and sisters. “Very good, but perhaps sligthly less advan- 
tageous is the transplantation from parents to children. Pecul- 
iarly enough, we found that after transplantation of the thyroid 
in the guinea pig from child to mother the result is about as un- 
favorable as after transplantation into a totally strange individual 
of the same species. This peculiar phenomenon we intend to 
analyze still further. A similar intermediate condition we found 
after multiple simultaneous transplantation of organs into rela- 
tives in the rat. In this case we have, of course, to take into con- 
sideration the fact that different organs and parts of organs differ 
in their power of resistance in the period following transplanta- 
tion, and that the relation between the parenchyma and stroma 
also differ in different organs. Again we found in the latter 
series all degrees of intermediate condition and different organs 


behaved in the same host in an analogous way, if they came from 
the same donor. 


TRANSPLANTATION OF UTERUS. 


In the transplantation of the uterus, we are especially interested 
in the behavior of the myxoid or predeciduomatous, cellular con- 
nective tissue and in the unstriated muscle tissue which are char- 
acteristic of the uterine structure. Soon after transplantation the 
death of a part of the myxoid connective tissue, which is not un- 
like connective tissue present in the embryo, and of the unstriated 
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muscle takes place in the auto as well as in homoio graft. This is 
the result of the injury caused by the process of transplantation 
and the defective nourishment directly following the grafting. 
But from about the sixth to the tenth day following transplan- 
tation a much better, more complete recovery of the myxoid and 
unstriated muscle tissue takes place in the auto- than in the homo- 
iotransplant, and while subsequently in the autotransplant these 
two tissues maintain themselves, in the homoiotransplant a grad- 
ual substitution of the injured myxoid and muscle tissue by 
fibrous tissue takes place sometime between the fourteenth and 
twenty-fourth day. On this soil of fibrous tissue the epithelium 
does not thrive so well as on the myxoid connective tissue of the 
autotransplant ; it decreases therefore in size, and becomes lower ; 
later it is again attacked by lymphocytes and thus gradually de- 
stroyed. The lymphocytes though appear here somewhat later 
than in the homoiotransplanted thyroid and kidney ; but as in the 
case of the other organs their attack is mainly directed against 
the epithelial tissue, although they do not leave entirely free some 
of the other tissues. Again we find as the result of those ab- 
normal substances which form after homoiotransplantation,—we 
may call these substances homoiotoxius—an attraction of lympho- 
cytes and an altered behavior of connective tissue cells. But in 
addition we find in this case a very early injurious influence of 
the homoiotoxins on two sensitive tissues, namely myxoid or pre- 
deciduomatous and unstriated muscle tissue. They show the in- 


jurious effect of the conditions prevailing in the strange host at 


a time, when lymphocytes have not yet had a chance to play any 


considerable part. How far these two tissues are injured directly 
by an inadequate constitution of the body fluids of the host (by 


” 


the “ homoiotoxins”), and how far the latter influence primarily 
the vascular supply, the latter in turn influencing the life of the 
myxoid and unstriated muscle tissue, is uncertain at present. It 
is however more probable that their destruction is primarily due 
to the inadequacy of the body fluids rather than to an insufficient 
vascular supply, which latter would then be the direct conse- 
quence of the lack of adaptation between body fluids and trans- 
planted tissue. There is another point of interest in the trans- 


plantation of the uterus. We find that the primary transforma- 
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tion of myoxid into fibrous connective tissue leads secondarily to 
changes in the epithelium which rests on the connective tissue. 
We find thus a chain reaction and in addition to the direct results 
indirect results of the homoiotoxin action. 


MECHANISM OF THE REACTIONS. 


These experiments prove that the introduction of parts of 
organs or tissues which originated in a strange individual causes 
disturbances which lead to changes similar to those found as the 
result of the action of toxic substances: These substances act not 
unlike those given off by certain microorganisms, as for instance 
the tubercle bacillus, which cause changes of a not acute char- 
acter. Lymphocytes are attracted and besides the relations be- 
tween various tissues are quite markedly altered. We have every 
reason to assume that these disturbances are due to products of 
metabolism given off by the introduced tissue, which act as homo-} 
iotoxins. We have learned that the action of these substances 
is graded in accordance with the relationship between donor and 
host. It is as yet doubtful, how far these disturbing substances 
are those given off in the normal metabolism of the transplanted 
cells—substances which are toxic merely because they act on a 
strange host—and how far they are the product of an abnormal 
metabolism of the introduced cells, the pathological change being 
due to the action of the body fluids of the new ‘host upon the 
strange cells. It is probable that the second alternative holds | 
good at least in many cases. Landsteiner, von Dungern and others 
have shown that in man certain groups of individuals can be dis- 
tinguished according to the interaction of blood cells on the one 
hand, and agglutinins preformed in the blood on the other hand. 

While such agglutinins have not been observed in animals, in 
certain cases it has been found possible through immunization 
with blood corpuscles belonging to the same species, but to dif- 
ferent individuals to produce hemolysins which dissolve cor- 
puscles of the same species and combine especially with the cor- 
puscles of the individual whose blood had been used for injection. 
These observations, as well as our own experiments to which we 
referred already, as well as others to be mentioned later render it 
at least probable that such an interaction takes place between a 
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constituent of the body fluids of the host and the strange cells and 
that this interaction leads to the formation of toxic substances. 
While these toxic substances probably interfere in an injurious 
manner with certain sensitive tissues and lead to their destruction 
in an indirect manner, in the case especially of certain epithelial 
structures they merely alter the metabolism in such a way as 
would be perfectly compatible with the life of the tissues. But 
this alteration in metabolism sets into motion secondary processes, 
in consequence of which lymphocytes, vessels and fibroblasts 
show an altered relation to the transplanted epithelium and these 


tissue reactions lead secondarily to the death of the transplant. 


SYNGENESIO AND Homoro Toxins As Propucts OF METABOLISM. 


We have assumed that the substances which are characteristic 
of the individual and which call forth the reactions which we 
have described, pass into the surrounding medium as the result of 
the metabolism of the tissue. In all probability they are not 
merely decomposition products of proteins. In order to exclude 
this latter interpretation we studied the behavior of the host tissue 
towards homoiotransplanted bloodclots in which the blood celis 
live for a certain period without, however, carrying on an active 
metabolism. We found that such blood cells do not call forth 
any of the reactions characteristic of homoiografts; neither 
lymphocytes nor connective tissue nor vessels behave towards 
them in any specific way whatever. These homoiodifferentials 
are as far as we know, common to all the active tissues of an 
organism. They are the same in the different organs of the same 
animal. As we stated above, we could show this fact in the rat 
by multiple simultaneous transplantation of different organs of an 
individual into the same host. Under this condition all the organs 
elicit proportionately the same individuality reaction, because the 
relation between the individuality differentials of host and donor 
is everywhere the same. Particularly the lymphocytic reaction 
allows us to estimate this relationship of the individuality differ- 


entials in an approximately quantitative way, as our syngenesio- 
transplantations have shown. 
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MULTIPLE AND SUCCESSIVE TRANSPLANTATIONS. 


We can demonstrate this fact also by multiple simultaneous 
transplantations of the same kind of organ, for instance, the 
thyroid from different individuals into the same host. The lobes 
of thyroid taken from the same animal behave then in an approxi- 
mately similar manner, while the lobes taken from different ani- 
mals may behave very differently, each calling forth a lymphocytic 
reaction in a quantitative way in accordance with the relationship 
between host and donor. One piece can call forth a marked reac- 
tion, while at the same time and in the same host another piece 
proves rather indifferent. This indicates that the reaction is of 
an entirely local character, called forth by the substances diffusing 
from the transplanted cells into the neighboring tissue. It is not 
primarily a general reaction of the character of an immune- 
reaction, which would depend mainly on the presence of sub- 
stances originating in response to the inoculation of the tissue and 
carried through the circulation equally to all parts of the body. 
The local character of the reaction we could prove still in another 
way, namely by carrying out successive transplantations of the 
same kind of organ into the same host. Under these conditions 
the latent period of the lymphocytic and connective tissue reac- 
tion was approximately the same after the first and second trans- 
plantation. An immune substance which could have accelerated 
the second reaction had, therefore, not been formed. In certain 
cases, however, such an immune substance may actually develop 
and hasten the appearance of a reaction around the transplant. 
This takes place after inoculation with certain tumors. Thus it 
comes about that the function of the lymphocytes has been misin- 
terpreted in the case of tumor inoculations. It is believed that 
they are solely concerned in the production of an immunity 


against tumor growth. Our observations on the action of lymph- 


ocytes in the case of transplantation of ordinary tissues, which 
date back a considerable number of years, clearly prove that the 
role of lymphocytes is a much more general one, namely, a direct 
and local, quantitatively graded response to the homoio and syn- 
genesiotoxins. The immunity reaction in certain cases of tumor 
transplantation is merely a special case in a set of phenomena of 
much wider biological significance. 
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CONSTANCY OF THE INDIVIDUALITY DIFFERENTIAL. 


This individuality differential is a relatively constant factor that 
varies not at all or at least to a very limited extent in the same 
individual after the animal has reached the age, when it is able to 
obtain its nourishment independently of its mother. Such condi- 
tions as pregnancy, temporary undernourishment, certain infec- 
tions do not suspend the function of the individuality differential. 
In addition we could show in a separate series of experiments 
that particularly those changes which call worth compensatory 
hypertrophy in the thyroid gland do not noticeably interfere with 
the reaction against the homoiodifferential. The lymphocytes 
may invade in enormous numbers the gland even after it has 
become hypertrophic and again in the end they succeed in de- 
stroying it. 


Tue Errect oF HOMOIOTOXINS ON OTHER GROWTH PROCESSES. 


While thus compensatory hypertrophy does not noticeably 
modify the action of the homoiotoxins, the homoiotoxins may 
on the other hand, as our recent experiments have shown, to 
some extent interfere with the development of compensatory 
hypertrophy of the thyroid gland, not only by bringing about the 
destruction of the gland, but apparently also by diminishing the 
frequency of the hypertrophic changes. In a similar manner 
our previous experiments had shown that homoiotoxins may to 
some extent interfere with the production of the maternal placenta 
and the placentomata such as they can be produced experimentally 
in the normal as well as in the homoiotransplanted uterus. After 
homoio-transplantation the experimental formation of placenta is 
diminished. The homoiotoxins interfere, therefore, to some ex- 
tent not only with purely regulative processes such as occur after 
transplantation of organs, but also with those changes which lead 
to compensatory hypertrophy and to placenta formation. They 
evidently have an injurious influence on a variety of growth 
processes, and diminish the intensity of those tissue reactions 
which initiate placenta formation. 
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HETEROTRANSPLANTATION. 


If we compare with these results of auto, syngenesio and 
homoiotransplantation, heterotransplantation (transplantation 
into a strange species) we find some interesting differences. 
After heterotransplantation tissues generally live only a short 
time, which varies between a few days or even less and two weeks 
or slightly more. Ina few exceptional cases tissue may even live 
as long as three or four weeks. For a short period there may be 
found a slight proliferation of the heterotransplant. But usually 
the injurious action of the host and particularly of its body- 
fluids is very marked after heterotransplantation. The quantity 
of living, well preserved tissue is therefore very much reduced. 
These differences between the hetero and homoiotransplant are 
usually quite marked as early as the latter part of the first and 
the beginning of the second week. There may be added to the 
direct injurious effect of the host and its body fluids a destructive 
action of lymphocytes and an invasive action of fibroblasts. But 
both of these are usually relatively slight; and especially the 
lymphocytic reaction is markedly less prominent after hetero- 
than after homoiotransplantation. Fibroblasts and bloodvessels 
of the host show little activity around the heterotransplanted 
parenchyma. The vascularization is therefore poor and the 
number of fibroblasts growing directly around the heterotissue is 
usually restricted. The connective tissue that does grow has the 
tendency to form fibrous tissue. At some distance from the 
transplanted parenchmya the fibroblasts and bloodvessels behave 
otherwise as if they had to deal with an inert foreign body. While 
thus the lymphocyte and connective tissue contribute only: slightly 
to the destruction of the heterotransplant—the fibrous tissue ex- 
erting an injurious pressure on the heterotransplant—large masses 
of lymphocytes may collect in the tissue surrounding the hetero- 
graft. These lymphocytes, however, are relatively innocuous. 

If we ask, how it comes about that after heterotransplantation, 
notwithstanding the greater strangeness of host and donor, the 
destructive action of the lymphocytes is not only not more marked 
than after homoiotransplantation, but on the contrary much more | 
restricted, we may suggest that after heterotransplantation the ' 





158 LEO LOEB. 


grafted tissue is injured to so marked an extent, that a depression 
in metabolism occurs and the quantity of toxic substances attract- 
ing the lymphocytes and produced in the metabolism of the tissue 
is much diminished. All this applies to the transplantation into 
not nearly related species. If we transplant into nearly related 
species, results are much better as has been established by W. 
Schultz. It seems that in this case the tissues behave almost like 
homoiotransplants. However it appears probable to me that a 
comparative study—which so far has not yet been made,—would 
show that even in this case the results are distinctly less good 
than after homoiotransplantation. If we disregard the hetero- 
transplantations into nearly related species, there is after hetero- 
transplantations not a close connection between the results of 
transplantations and the relationship of the species used. The 
heterotransplanted tissues are all so near the minimal threshold 
which just permits life for a short time, that various secondary 
factor often become of more importance in determining the 
duration of life and extent of proliferation of the graft than the 
character of the species differentials. There exists, however, as 
we have shown an indication that even here such a relationship 
enters as one of the determining factors. 


SPECTRUM OF RELATIONSHIPS AND INTERACTION OF TISSUES, 


If we now compare the effect of the various kinds of trans- 
plantations on the character of the interactions between the tissues 
of host and graft, we come to the following conclusions: 

1. The autotransplants have the greatest degree of efficiency in 
preserving the integrity of the graft and in maintaining inviolate 
the boundaries of the organs and in preventing the ingrowth of 
the connective tissue of the host. The autotransplant behaves in 
this respect most like the normal organ. From there a decrease 


in efficiency takes place if we pass to the syngenesio- and to the 


homoiotransplants. In the heterotransplant this power of pre- 


serving the integrity of the graft and of warding off the attack by 
strange connective tissue has become very slight. There is, how- 
ever, still noticeable a slight action of the transplanted paren- 
chyma even in this case; but on the whole the tissue behaves not 
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unlike an inert foreign body. Correspondingly the amount of 
fibrous tissue formed increases and the extent of vascularization 
decreases in the direction from autotransplant to heterotransplant. 
The ability of the transplanted parenchyma to maintain a domi- 
nance over the stroma, to keep the fibroblasts intact, and if pos- 
sible in a myxoid condition and to cause the absorption of the 
connective tissue stroma decreases in the direction from auto to 
heterotransplant. Similar is the curve which represents the 
stimulating power of the parenchyma on the vesselgrowth. It 
needs further investigation to determine how far the vascular re- 
action is a primary phenomenon and how far the connective tissue 
reaction depends upon it. The lymphocytic reaction on the other 
hand reaches a maximum in the homoiotransplant and decreases 
again in the heterotransplant. 


THEORETICAL CONSIDERATIONS. CONTACT SUBSTANCES, AUTO- 
SUBSTANCES AND TOXINS. 


Our results are best understandable, if we assume that the 
cells in their metabolism give off a series of substances which 
regulate the relation with certain other kinds of cells, and in par- 
ticular the relation of parenchyma (epithelial, glandular, special 
kinds of connective tissue cells and unstriated muscle) to the 
surrounding connective tissue, blood and lymph vessels and 
lymphocytes. 

We must conclude that the cells living under what we might / 
call “ autocondition,” give off another substance or another set of 


substances from those living under “syngenesio,” “homoio,” | 


“hetero” conditions. We have found a graded injuriousness of 
the latter kind of substances for the cells of the surrounding 
tissues. They stimulate the surrounding tissues to reactions 
which are pathological and which in the end lead to the destruc- 
tion of the cells which produce these substances and call forth 
these reactions. We have therefore called these substances “‘ syn- 
genesio,” “homoio,” “hetero” toxins. Conversely we may des- 
ignate those substances which are given off by the normally func- 
tioning cells under “auto” surroundings as “auto” substances. 
They regulate the action of connective tissue cells, vessels and 
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lymphocytes in the most adequate way, and in a manner peculiar 
to each organ, in a way which keeps away lymphocytes, which 
limits the activity of fibroblasts which under those conditions 
cannot invade the tissue of another kind and merely enter in such 
relations with these tissues as are demanded by the normal struc- 
ture and function of the organ. The auto substances thus bring 
about the restitution of the normal structure in an at first disor- 
ganized organ, just as these substances maintain the normal struc- 
ture and function in the normal organ. The syngenesio, homoio 
and hetero conditions on the other hand lead to those pathological 
conditions which we have described. There are other facts which 
equally point to the conclusion that substances which in general 


‘ 


we may designate as “contact substances” are given off and 
regulate the relations of various kinds of tissue to each other. 

We may mention a few examples of conditions under which 
contact substances come into play. 

(a) In our study of the cyclic changes in the mammary gland 
we found a relation between the state of the glandular paren- 
chyma and the surrounding connective tissue stroma. We found 
that an active gland has an active stroma, while a resting, retro- 
gressing gland has a resting, more or less fibrous stroma. 

(b) Similarly we find around the various gland ducts which 
are metabolically inactive usually a resting fibrous stroma, in con- 
tradistinction to the cellular stroma around the active gland tissue. 

(c) Wherever cells of the parenchyma are multiplying we 
generally find the stroma cells and the vessels to become like- 
wise active and conversely where connective tissue cells and the 
vessels are active the cells of the parenchyma, for instance, epi- 
thelium, receive a stimulus to grow. 

(d) There are indications that contact substances play also 


a certain role during embryonic life and that here they help to 


determine the formation of some organs. Thus a lens producing 
contact substance is given off by the optic disc. It stimulates 
growth and a special differentiation in the overlying ectoderm. 

Thus we know at the present time a large class of contact sub- 
stances and it is probable that future studies will still add to the 
number of these substances.’ 


1 Several years ago Dr. Walsh and the writer found that a substance given 
off by the ovum determines the development of the follicle in the ovary. 
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ContTAcT SUBSTANCES AND HORMONES; THEIR RELATION TO THE 
INDIVIDUALITY DIFFERENTIAL. 


These contact substances are contrasted with the hormones, 
for mstance those given off by the corpus luteum which regulates 
the activity of the mucosa of the uterus and probably of certain 
other organs. They are given off by certain organs, and carried 
through the circulation to distant organs. They have a specific 
distant action. In contradistinction to some of the contact sub- 
stances these distance substances do not possess an individuality 
or even a species differential. 


ContTAcT SUBSTANCES AND CHANGES IN OLD AGE. 


I cannot conclude a consideration of this aspect of the subject 
without pointing out the similarity of conditions which we find 
under “ homoio conditions ” with those found in old age. In both 
cases we observe a tendency to the formation of a fibrous stroma 
and to a decrease in good vascularization. This condition also 
corresponds to that found in states of metabolic inactivity. May 
we not therefore refer old age changes not only to the lack of 
certain hormones given off by glands (as for instance thyroid and 
corpus luteum) with internal secretions, but also to a quantita- 
tive or sometimes perhaps even to a qualitative change in the 
character of contact substances, to a diminution in the produc- 
tion of what we have called the “auto substances”? Such a 
diminution in auto substances would be the necessary result of a 
diminished activity of the parenchyma. Thus a vicious circle 
would be established. The diminished activity of the paren- 
chyma causes changes in stroma and vascularization and the latter 
further depresses the activity of the parenchyma. 


INHERITANCE OF THE INDIVIDUALITY DIFFERENTIAL. 


We have seen that there is in each individual and in each cell, 
at least in the large majority of all cells of an indivdual, an indi- 


viduality differential which is present in addition to the ordinary ) 


Mendelian unit factors. The inheritance of the latter has given 
rise to numerous investigations which on the whole have tended 
to show the general applicability of Mendelian rules in the in- 
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terpretation of phenomena of inheritance. The concept of the 
individuality differential is too new to have received much at- 
tention from students of heredity. But von Dungern studied the 
group agglutinins to which we have referred above and mentions 
that they are inherited according to the rules of the inheritance 
of simple Mendelian monohybrid factors. G. Schoene likewise 
inquired how the characteristic of tolerance for skin grafts was 
transmitted from parents to offspring and this author also came 
to the conclusion that it was inherited according to the rules of 
simple Mendelian heredity. Neither of these investigators, how- 
ever, gives convincing data in this respect nor does Schoene refer 
to the finer tissue reactions in his interpretations. Our own ex- 
periments lead-us to a different conclusion. In the union of a 
female and male germcell of two individuals belonging to the 
same species, two different individuality differentials are hybrid- 
ized. How are the individuality differentials of the children? 
Do they follow that of the father or that of the mother or do 
the differentials of some children follow that of the father, while 
those of others follow that of the mother? We find that the 
individuality differentials of the offspring are not identical—at 
least in the large majority of cases—with the individuality differ- 
ential of either of the parents, but that they have an intermediate 
character; there exists, however, as we have shown, all transi- 
tions between one and the other of the two individuality differ- 
entials, if we compare the behavior of different children. We 
have therefore a mode of intermediate or blending inheritance. 
If we interpret this fact in Mendelian conceptions we must con- 


clude that the individuality differential is represented by multiple 
factors. 


INDIVIDUALITY AND SpeEcIES DIFFERENTIAL OF SUBSTANCES. 
SPECIFICALLY ADAPTED SUBSTANCES. 

The cells and tissues of an organism contain, as we have seen, 
the individuality and species differential; they characterize each 
individual and distinguish it from all other individuals. They 
make a real indvidual out of a conglomeration of cells and tissues. 
In order that these cells and tissues develop into an individual 
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organism and subsequently function as such, substances are given 
off by the tissues and organs which act upon adjoining or distant 
parts of the body and thus bring about a correlation of functions 
which makes possible the orderly development and maintenance 
of the organism. Some of these substances still preserve the 
individuality and species differential. We may, therefore, con- 
clude that not only cells, but also substances given off by cells 
may still have the individuality or species differential. This 
applies to some of the contact substances which we have postu- 
lated. They may have the individuality differential. In most 
substances, however, the presence of an individuality differential 
cannot be demonstrated, but merely the existence of a species dif- 
ferential. Of especial interest among these are certain sub- 
stances which make use of this species differential in their func- 
tion and which are therefore most effective if they interact with 
other substances having the same species differential or rather 
a supplementary species differential adapted to the first differ- 
ential. Such substances I have called “ specifically adapted sub- 
stances.” To this group of specifically adapted substances belong. 
as I found in my earlier work, substances which are present in 
the tissues and erythrocytes and which interact with a constituent 
of the circulating bodyfluid in order to accelerate the clotting of 
the blood and lymph. These substances I have called tissue 
coagulins. They seem to be identical with the thrombokinases. 
The species differential fulfills in this case a definite and ine 
portant function. Subsequently Hedin discovered in the gastric 
juice a substance inhibiting the milk coagulating enzyme. Both 
these substances interact with the species differential. More re- 
cently Dr. Frank Lillie found a specificially adapted relation be- 
tween a constituent of the egg, an agglutinin, and the spermatozoa 
of the same species. In this case, however, the common species 
differential functions in substances belonging to two different 
individuals, while in the former cases the interaction occurs in 
substances of the same individual. On the other hand a large 
number of important substances which have the function to cor- 
relate and unify the action of various organs, particularly certain 


growth substances and the common hormones are not only not 





164 LEO LOEB, 


individual specific but not even species specific. This applies for 
instance to the growth substances emanating from the corpus 
luteum in which I found the absence of the individuality differ- 
ential. The lack of the species differential applies to growth sub- 
stances extracted from the placenta, to the growth substances 
which determine the formation of the lens, to substances inducing 
metamorphosis in amphibia and compensatory hypertrophy in 
mammals ; it applies to the common hormones of the adrenal gland 
and thyroid. 

In this case we have to deal with relatively simple substances, 
some of which are apparently of a lipoid nature, while others are 
of a still simpler composition. On the other hand we have every 
reason to assume that the individuality and species differentials 
are proteid substances or at least that they occur only in combina- 
tion with proteid substances. 

In the case of the tissue coagulins we have found that the spe- 
cies differential of the tissues interacts with an adapted substance 
in the body fluids. In a similar way we find in general an adap- 
tation between body fluids and cells which is based on the pres- 
ence of the individuality and species differentials. It can be 
demonstrated directly in the case of the natural hemolysins, but 
probably applies as we have pointed out above, to the relations of 
all tissues to body fluids. It exists, as we found recently, even in 
the case of invertebrates where we established the interaction of 
species differentials in the case of the experimental amecebocytic 
tissue and the blood serum. We shall refer to it again later. It 
also applies to the relation between the antigens and immune 
substances. 


SUPPLEMENTARY DIFFERENTIALS IN Bopy FLUIDs. 


In all those cases the individuality or species differential of the 


tissues interacts with an analogous substance in the body fluids. 
It is, however, not certain that the substance or group in the body 
fluids is identical with that in the tissues, although they fit into 
each other specifically. A difference between the two could be 
demonstrated in the case of tumor immunity. While species im- 
munity can be produced with body fluids as well as with tissues 


of a certain species, individuality immunity can only be produced 
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with the tissue differential, but not with the corresponding dif- 
ferential in the body fluids. We may designate the substance 
present in the body fluid and interacting with the individuality 
and species differential of the tissues as the supplementary indi- 
viduality and species differential. 


PHYLOGENETIC AND ONTOGENETIC EVOLUTION OF THE INDIVID- 
UALITY AND SPECIES DIFFERENTIAL. 

The analysis of the individuality differential which we have 
given so far applies altogether to the higher animals, mammals 
and birds. Almost all the experiments to which we referred in 
this paper were made in these two classes. Does this fine differ- 
entiation of individuality, the delicate discernment of individual 
relationship such as we have found in the cells and tissues of 
higher animals, also exist in the lower animals? Is it a charac- 
teristic of all animal cells or has it gradually evolved together 
with other, differentiations in the course of evolution? Have the 
differentials, or rather the reactions they call forth, had an evo- 
lution like structure and certain functions? So far as I am ac- 
quainted with the literature this question has never been put and 
no planful investigations have been carried out tending to answer 
it. In a general way, however, it is known that in lower forms 
and in earlier embryonic stages transplantability is greater, in 
correspondence with the greater regenerative power of these 
organisms, or in dependence on the greater power of isolated parts 
of these beings to sustain themselves separated from the remnant 
of the animal, as particularly W. Schultz has pointed out. But 
the evolution of species and individuality differentials has not 
been considered in a conscious way as far as I am aware. 

[ have recently studied the literature of transplantation with 
the view of determining whether the experiments which were 
carried out by various investigators for the solution of problems 
of a different character might throw some light on this question. 
While in some respects I found the evidence here and there some- 
what contradictory, still I believe that certain conclusions may be 


arrived at on this basis with a fair degree of certainty. 


To begin with invertebrate embryos} the experiments of 
Driesch, Morgan, Goldfarb and others show that parts of em- 
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bryos of the same species can be readily grafted upon each other. 
The homoiodifferential does apparently not play any role. These 
embryos on the other hand react against union with the part of 
an embryo belonging to a different species, against an heterodif- 
ferential; the reaction, however, seems to be less marked than in 
mammals. Similar are the results obtained with transplantation 
of gonads in larve of lepidoptere (Meisenheimer, Kopec). In 
nearly related species the results of grafting are better than in 
distant species. 

It is similar in adult invertebrates. Here also no difference 
seems to exist between auto- and homoiotransplantation and while 
a reaction takes place against heterotransplants, it is again con- 
siderably less pronounced than in the higher animals. Of value 
are here especialy the experiments of Joest, Harms, Leypoldt 
and Rabes in Lumbricide and of Wetzel in Hydra. While hetero- 
differentials and also reactions against heterodifferentials exist 
here, the reactions are much less intense, if we make allowance 
for the lower temperature at which these reactions take place and 
which would naturally retard the reaction considerably. In Lum- 
bricide the heterotransplant may remain alive in toto, while even 
in amphibia part of the heterotransplant becomes necrotic. In 


adult invertebrates also heterotransplantation succeeds only in 
certain, not too distant, species. We studied recently the species 
differential in such simple forms as the blood cells of arthropods. 
We found that the blood cells of limulus are specifically adapted 
to their own blood serum. Their activities are optimal in Limu- 


lus serum. Limulus serum surpasses any other serum so far 
tested. 

In order to determine this relationship we made use of experi- 
mental amcebocyte tissue and we compared the rapidity and quan- 
tity of outgrowth,from this tissue in different sera. The pictures 
we obtain under those conditions are very similar to those pre- 
sented by outgrowing embryonic connective tissue. We find then 
even in the blood cells of invertebrates a specific adaptation be- 
tween the species differential of the blood cells and the supple- 
mentary species differential of the body fluids. 

If we pass to the lower vertebrates, we note in amphibian larve 
a condition somewhat analogous to that in invertebrates. Espe- 
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cially the grafting of amphibian embryos, a method originated by 
Born and subsequently used by Braus, Harrison and others, is 
interesting in this connection; furthermore the transplantation of 
skin (Lewis, Weigl), of the eye (Uhlenbath) and the experi- 
ments of Spemann add valuable data. There is apparently no 
difference between the results of auto- and homoiotransplanta- 
tions. On the other hand a heteroreaction again exists, but is less 
marked than in the case of higher veretebrates. Transplantation 
into nearer related species succeeds better than into further dis- 
tant species. 

In adult amphibia we find the first indication of the existence 
of a homoiodifferential. However, in adult fishes and amphibia 
the reaction against homoiotransplantation seems to be less 
marked than in adult mammals and birds, although we must con- 
fess the evidence concerning the fate of homoiotransplanted , 
tissues in these classes appears somewhat contradictory. We have 
furthermore to consider the difference in temperature at which 
reactions occur in lower and higher vertebrates. This factor 
might render the homoio reaction much slower in amphibia. 
Despite these difficulties we may provisionally conclude that the 
reaction against homoio and heterodifferentials is somewhat less 
pronounced in lower than in higher vertebrates. 

The interesting observations of Murphy and Rous who made 
successful heterografts of tumors in the allantois of chick em- 
bryos suggest that the individuality reaction is absent even in the 
embryo of higher vertebrates which serve as hosts. This agrees 
with an observation of Braus which seems to indicate that in am- 
phibian larve used as hosts the heteroreaction appears at a cer- 
tain stage, namely, when the circulation has been established in 
the transplant. Likewise if we transplant embryonic mammalian 
tisue into adult hosts the homoioreaction seems to be somewhat 
elss pronounced in the case of certain tissues; the reaction, how- 
ever, does exist. Embryonic mammalian tissues call forth a very 
rapid heteroreaction in adult hosts (Saltykow). 

To summarize, we find absence of homoioreaction in inverte- 
brates and larve of lower vertebrates. The heteroreaction exists 
here, but is less pronounced. In lower adult vertebrates the | 
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homoioreaction as well as the heteroreaction exists, but again 


both are probably less pronounced than in mammals. 

There has, therefore, as far as we can judge from the experi- 
ments so far recorded, taken place an ontogenetic as well as a 
phylogenetic evolution in the formation of the individuality dif- 
ferential. Ontogenetic and phylogenetic evolution has apparently 
led to an individualization of the organisms. There is added 
gradually to the reaction against the species differential the re- 
action against the individuality differential. 

[f we inquire into the mechanism on which this gradual refine- 
ment depends, several factors would have to be considered: 

1. The individuality differential might as yet be absent in the 
lower forms, especially in invertebrates, and appear only-in ver- 
tebrates. 

2. The individuality differential might be present in all animal 
organisms, but the supplementary substance in the body fluids 
might develop only in certain ontogenetic and phylogenetic stages 
and consequently the reaction on the part of the host might be 
very weak. 

3. The individuality differential might be present and the host 
might react towards it, but somehow the tissues of lower or- 
ganisms show a very low degree of sensitiveness to these re- 
actions. In other words, is this individualization due to the 
gradual acquisition of the individuality differential or to the de- 
velopment of a reaction on the part of the host against the indi- 
viduality differential or to a greater sensitiveness on the part of 
the higher tissues to this reaction? Authors have so far not dif- 
ferentiated between these three possibilities, and the data on hand 
do therefore not permit us to decide the question definitely. 

There exist, however, some facts which have a bearing on this 
question. In the first place we find a very interesting exception 
to the statement that individuality reactions are absent in lower 
forms: in a certain rhizpod. Orbitolithes, Max Schultze observed 
as early as 1863 a peculiar reaction which was further analyzed 
by P. Jensen. Two pseudopodia belonging to the same individual 
unite, the protoplasms flowing together at the point of contact; 
but if two pseudopodia belonging to two different individuals 
touch each other a contraction occurs and a reunion fails to take 
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place. An individuality differential seems to be present in these 
protozoa and to lead to a marked direct interaction of proto- 
plasms. There exist, perhaps, a few similar reactions in certain 
other unicellular organisms. In other similar protozoa, however, 
the reaction has not been observed by more recent investigators. 

If it were possible to generalize from this observation, we 
should conclude that the individuality differential is present in all 
animal tissues; and that the lack of reaction must be due to one 
of the two other causes. On the other hand there are some indi- 
cations that the chemical constitutions of the cell proteins of the 
embryo differ from those of the fully developed forms. To men- 
tion only one fact of this kind: while according to Roessle em- 
bryonic tissue contains the same antigen for hemolysins as the 
adult tissue, it lacks according to Braus the substance which after 
injection into animals of a different species or class calls forth the 
production of precipitins; neither does embryonic tissue bind 
precipitin which had previously been produced through hetero 
injection of adult material. Probably the precipitin reaction is in 
this case a less reliable indicator of the presence of the differen- 
tial than the hemolysin reaction, which seems to be positive. It 
is possible that the absence or presence of the supplementary sub- 
stance in the body fluids may at least in part, be responsible for 
the hetero reaction ; this is suggested by the observation of Braus 
according to whom extremities of amphibian embryos grafted on 
hosts which are as yet in an embryonic stage show the effect of 
the unsuitable soil, as soon as the body fluids of the host begin to 
circulate in the grafts. 

If we take all these facts into consideration, it seems on the 
whole more probable that the individuality differentials exist in 
all animal organisms, but that the individuality reactions are lack- 
ing in lower forms. 


INDIVIDUALITY AND SPECIES DIFFERENTIAL AND FERTILIZATION. 


There exists an interesting correlation between the lack of the 


individuality differential in lower ontogenetic and phylogenetic 
forms on the one hand and between the lack of an individuality 


reaction on the part of egg and sperm chromosomes throughout 
all classes on animals. Homoiofertilization is the normal occur- 





170 LEO LOEB. 


rence and it can be considered as an intracellular transplantation. 
Homoiotransplantation succeeds in this case as well as autoreac- 
tion. Indeed it is a transplantation which usually occurs under 
homoio conditions. Furthermore, just as in the case of the more 
primitive tissues a reaction of incompatibility occurs after hetero- 
transplantation, in a corresponding way a reaction of incompati- 
bility occurs, when chromosomes of germ cells with different 
species differentials meet, as the experiments of Baltzer, Tennent, 
Moenkhaus, Guyer, Newman and others have shown. With this 
conclusion is even in agreement the cross-fertilization between 
widely different classes which have been made possible through 
the discovery by Jacques Loeb of. a method permitting such 
hybridizations. In this case the incompatible chromosomes are 
eliminated. 

There is an additional similarity between heterotransplantation 
and heterofertilization. While in both cases the incompatibility 
increases on the whole in correspondence with the distance of the 
species, there is no absolute agreement between the effect of 
heterofertilization and heterotransplantation on the one hand and 
the relationship of the species on the other hand and in both cases 
reciprocal relations may lead to very divergent results. 

There exists on the other hand, as far as we can judge from a 
study of recorded hybridizations, one noticeable difference be- 
tween the reactions of chromosomes and tissues. In the latter 
there is an indication that the incompatibility between species dif- 
ferentials increases in the course of ontogenetic and phylogenetic 
development. A study of hybridization on the other hand does 
not suggest a greater mutual tolerance of chromosomes of dif- 
ferent species in invertebrates as compared to those of verte- 
brates. 


LACK OF THE Homoro SENSITIVENESS IN CERTAIN MAMMALIAN 
TuMors. 


We have so far assumed that all mammalian tissues possess 


the individuality differential and call forth reactions against the 
homoiodifferentials. In general this statement is correct. There 
exists, however, at least one notable exception to this rule. 
There are certain tumors which are able to grow with the same 
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readiness in another individual of the same species as in the or- 
ganism in which they originated. This applies by no means to all 
tumors, on the contrary the large majority of tumors behave in 
this respect about like ordinary normal tissues which succumb to 
the homoioreaction, and are only able to grow in the individual 
a part of which they formed originally. Why there is a relatively 
limited number of tumors which behave differently, why they 
are able to withstand the injurious influences of homoiotoxins 
which destroy the large majority of tumors, we do not know defi- 
nitely. It is, however, very probable that these tumors also pos- 
sess the individuality differential, and that their ability to with- 
stand the homoiotoxins is due to their diminished sensitiveness 
combined with an increased growth energy. Very often the 
“homoioreaction” which is ordinarily lacking in these tumors 
can be called forth through previous immunization of the host. 
It is exactly such tumors which lack the individuality reaction 
which have been used by Tyzzer, myself and Fleisher and again 
by Tyzzer and Little in order to study the inheritance of tol- 
erance for grafted tumors. Tyzzer crossed for this purpose 
white and Japanese waltzing mice; Fleisher and myself used 
diverse strains of white mice. The strain differential is further 
distant in the spectrum of relationships than individuality differ- 
ential; and Tyzzer and Tyzzer and Little dealt even with some- 
thing akin to species differentials. Tyzzer believed that such 
investigations may throw light on the character and origin of 
tumors. While this view is probably not tenable, these investiga- 
tions throw some light on the hereditary transmission of strain 
and species differentials. I found here again an intermediate 
mode of inheritance, while Tyzzer and Tyzzer and Little found a 
more complex mode of inheritance. Again I suggested in inter- 
preting my own as well as Tyzzer’s results the presence of mul- 


tiple factors, an interpretation which was subsequently adopted 
by Tyzzer and Little. 


1In a paper which just appeared—after completion of this manuscript (C. 
C. Little, Journal of Experimental Zoédlogy, 1920, XXXI., 307)—Dr. Little 
expresses the opinion that the intermediate type of heredity is not the typical 
mode of inheritance of the individuality differential. I believe that the views 
which Dr. Little expresses are based on a lack of distinction between species 
or strain differential on the one hand and individuality differential on the 
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INDIVIDUALITY DIFFERENTIAL AND POTENTIAL IMMORTALITY OF 
Somatic CELLs. 


The fact that certain tumors can withstand the action of the 
homoiotoxins has a still wider bearing. We must remember that 
common transplantable tumors are the direct descendants of ordi- 
nary tissue cells, such as we normally find in the individuals of 
the particular species which we use. The tumors may be derived 
from a variety of normal tissues and in general the transforma- 
tion from normal cells into tumor cells takes place under the in- 
fluence of a long continued action of various factors enhancing 
growth. Tumor cells are therefore merely somatic cells which 
have gained an increased growth energy and at the same time 
somehow gained, in some cases, the power to escape the destruc- 
tive consequences of homoiotoxins. This ability of certain tumors 
to grow in other individuals of the same species has enabled us to 
prove through apparently endless propagation of these tumor 
cells in other individuals that ordinary somatic cells possess the 
potential immortality in the same sense in which protozoa and 
germ cells possess immortality. Thus tumor transplantation 
made possible the establishment of a fact of great biological in- 
terest which because of the homoiosensitiveness of normal tissues, 
could not be shown in the latter. 

We wish, however, especially to emphasize the fact that our 
experiments did not merely prove the immortality of tumor cells, 
but of the ordinary tissue cells as well, the large majority or all 


of which can be transformed into tumor cells. At an early stage 


of our investigations we drew, therefore, on the basis of these 
experiments, the conclusion that ordinary tissue cells are poten- 
tially immortal; notwithstanding the fact that especially under 
Weismann’s influence the opposite view had been generally ac- 


other. I have referred to this distinction in this paper; I have also empha- 
sized how unsuitable transplantable tumors are for the analysis of individ- 
uality differentials. In my previous papers I have discussed the influence of 
such adventitious factors as sex, age and pregnancy on the individuality dif- 
ferentials, and showed that within the limits of our experiments such factors 
do not noticeably influence the individuality reaction; this applies to guinea 
pigs above the age of four weeks, as far as the age factor is concerned. We 
also referred to the apparently abnormal behavior of tissues of the child trans- 
planted to the mother. The factors that are responsible for this peculiarity 
need, as I stated above, further investigation. 
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cepted, and as it seems to us, with full justification, inasmuch as 
no facts were known at that time which suggested the immor- 
tality of somatic cells. It was the apparently endless transplan- 
tation of tumor cells which proved the contrary view. 

To recapitulate what we stated above: tumors are merely trans- 
formed tissue cells. All or the large majority of adult tissues are 
potential tumor cells. Tumor cells have been shown experi- 
mentally to be potentially immortal, therefore tissue cells are 
potentially immortal. 

This wider conclusion I expressed nineteen years ago. Quite 
recently the immortality of certain connective tissue cells has 
been demonstrated by Carrel through in vitro culture of these 
cells. Under those conditions the tissue cells escape the mechan- 
isms of attack to which the homoiotoxins expose the ordinary 
tissue cells in other individuals of the same species. Under these 
conditions the reactions of the host tissue against homoiotoxins 
which would have taken place in vivo, are eliminated. We must, 
however, keep in mind that this method of proving the immor- 
tality of somatic cells applies only to one particular, very favor- 
able kind of cells and it is very doubtful, if by cultivation in vitro 
the same proof could be equally well supplied in the case of other 
tissues. On the basis of tumor transplantations on the contrary 
we were able to show that a considerable variety, perhaps the 
large majority of all tissue cells possess potential immortality. 


\ GrowTH CURVES AND SPECTRUM OF RELATIONSHIPS. 

We may approximately represent the effect of syngenesio, 
homoio, and heterotoxins on various kinds of tissues in the form 
of curves, where the base lines indicate the spectrum of relation- 
ships and the ordinates growth energy of the tissues in the various 
hosts. We find then that embryonic and adult invertebrate 
tissues and the embryonic tissues of lower vertebrates from one 
class (Curve 1). This, however, does not necessarily imply that 
all these tisues behave in an identical manner, but that there exist 
some essential similarities. Our data are as yet by no means 
complete in this respect. 

Very similar to this curve of the primitive tissues is that repre- 
senting the growth of the transplantable tumors (Curve II). 
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The latter, however, differ from the former in their sensitiveness 
to strain differences within the same species. In addition there 
may furthermore perhaps be found some differences in the be- 
havior towards heterotoxins of invertebrate and embryonic tissues 
on the one hand and of transplantable tumors on the other hand. 

From these curves differs very markedly the curve of the adult 
tissue of the higher vertebrates and similar to this is the curve of 
the large majority of the tumors, namely of those which generally 
are not transplantable, although in a limited number of individ- 
uals of the same species they may perhaps grow (Curve III.). 
The adult tissue of amphibia and fishes represents a transitional 
condition between type I. or IT. and III. 


CELLULAR AND PsycuHicAL DISCERNMENT OF INDIVIDUALITY. 


We have shown that the cells of our body are able to discern 
in a quantitatively graded manner not only the difference between 
their own kind, between the constituent parts of the same indi- 
vidual on the one hand, and the cells of other individuals of the 
same species, on the other hand but that they are able even to 
recognize in a graded manner degrees of relationship between 
members of the same family. We found especially the lympho- 
cytic reaction a quantitative indicator of this relationship. We 
must therefore conclude that there are graded biochemical differ- 
ences within the same family which these individual cells discern, 
and to which they react. These reactions represent as far as we 
are aware, the finest biochemical reaction known at the present 
time and on the basis of these reactions we may in a tentative 
manner postulate a graded system of contact substances which 
regulate the interaction of various tissues. 

To return in conclusion to the starting point of our discussion, 
namely, the usual meaning of individuality, we saw that in the 
main, it designates a social-psychical way of reaction. We are 
able to differentiate between individuals as a result of certain 
functions of our central nervous system. If we now inquire 
how far the development of this kind of individualization is par- 
allel to the power of cells of higher vertebrates generally to dis- 
cern individuality, we are handicapped by the lack of data as to 
the power of animals to discern not merely members of a species, 
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of a litter or mother and mate, but individuals of the same species 
as such. This problem does not seem so far to have been con- 
sidered by students of animal behavior. At least inquiries which 
I made among some prominent investigators in this field, failed 
to provide any definite data which might be used in this connec- 
tion. From my own observations I am very much in doubt as 
to the ability of such animals as the common rodents to discern 
individuality in the sense in which we defined it. There seems 
to be little doubt on the other hand that higher animals like dogs 
and horses have such an individuality discernment, at least to a 
certain extent. 

It is then very probable that the mechanisms which permit the 
ordinary tissue cells to discern and to react towards individuality 
have developed much in advance of that mechanism of our nerv- 
ous system which permits us to recognize individuals in a con- 
scious manner. On the other hand after the latter faculty has 
once developed, it has reached in man a very much greater de- 
gree of refinement in individualization than that exhibited by the 
discernment of individuality on the part of cells in general. 
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